The HadGEM2 Earth System climate model was used to assess the impact of biomass burning on 19 surface ozone concentrations over the Amazon forest and its impact on vegetation, under present-20 day climate conditions. Here we consider biomass burning emissions from wildfires, deforestation 21 fires, agricultural forest burning, residential and commercial combustion. Simulated surface ozone 22 concentration is evaluated against observations taken at two sites in the Brazilian Amazon forest for 23 years 2010 to 2012. The model is able to reproduce the observed diurnal cycle of surface ozone 24 mixing ratio at the two sites, but overestimates the magnitude of the monthly averaged hourly 25 measurements by 5-15 ppb for each available month at one of the sites. We vary biomass burning 26 emissions over South America by +/-20, 40, 60, 80 and 100% to quantify the modelled impact of 27 biomass burning on surface ozone concentrations and ozone damage on vegetation productivity 28 over the Amazon forest. We used the ozone damage scheme in the "high" sensitivity mode to give 29 an upper limit for this effect. Decreasing South American biomass burning emissions by 100% (i.e. 30 to zero) reduces surface ozone concentrations (by about 15ppb during the biomass burning season) 31
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and suggests a 15% increase in monthly mean net primary productivity averaged over the Amazon 32 forest, with local increases up to 60%. The simulated impact of ozone damage from present-day 33 biomass burning on vegetation productivity is about 230 TgC/yr. Taking into account that 34 Introductionbecause of the large natural biogenic and biomass burning emissions (Karl et al., 2007) . 48
49
In the Amazon forest, biomass burning is mostly anthropogenic, and mainly occurs during the dry 50 season (August to October). Biomass burning emissions drastically change the composition of the 51
atmosphere, e.g. diurnal maximum mixing ratios of tropospheric O 3 varies from 12 parts per billion 52 forcing (Sitch et al., 2007) . 67
68
Tropical rain forests play an important role in the global carbon budget, as they cover 12% of the 69 Earth's land surface and contain around 40% of the terrestrial biosphere's carbon (Ometto et provided to UKCA at every time step. The isoprene emission scheme is that of Pacifico et al. 149 (2011) . Terpenes, methanol, and acetone emissions are simulated with the model described in 150 Guenther et al. (1995) . Anthropogenic and wildfire emissions are prescribed from monthly mean 151 emission data sets prepared for CMIP5 using the historic scenario (Lamarque et al., 2010) . Given 152 the difficulty in prescribing a diurnal cycle for fire emissions, these monthly mean emissions are 153 kept constant during the day. Wetland methane emissions are prescribed from data from Gedney et 154 al. (2004) . Soil-biogenic NO x emissions are prescribed using the monthly distributions provided by 155 the Global Emissions Inventory Activity (http://www.geiacenter.org/inventories/present.html), 156 which are based on the global empirical model of soil-biogenic NO x emissions of Yienger and Levy 157 (1995) . NO x emissions from global lightning activity are parameterized based on the convective 158 cloud top height following Rind (1992, 1994) and are thus sensitive to the model climate.
159
UKCA also includes a dry deposition scheme based on the resistance in-series approach as outlined 160 in Wesely (1989) . Physical removal of soluble species is parameterized as a first-order loss process 161 based on convective and stratiform rainfall rates (Collins et al., 2011) . 162
163
The TRIFFID vegetation module of HadGEM2 simulates the dynamics of five plant functional 164 types (PFTs): broadleaf trees, needleleaf trees, shrubs, and C 3 and C 4 grass (i.e., grasses using the 165 C 3 and C 4 photosynthetic pathway, respectively). Changes in the extent of croplands over time are 166 not simulated but are prescribed from land use maps prepared for the Coupled Model 
307
Our analysis is focused on the region enclosed in the red rectangle in figure 3, this is a highly 308 vegetated region with homogeneous topography, and it includes the two sites used for the model 309 evaluation (Porto Velho and ZF2 in the Cuieiras forest reserve). This region of analysis is covered 310 by two PFTs in HadGEM2: broadleaf trees, which is the predominant, and C 3 grass (Figure 3 
371
The model overestimates surface O 3 mixing ratios by 5-15 ppb for several months at the ZF2 site in 372 the Cuieiras forest reserve and for all available months at the Porto Velho site. The reasons for these 373 systematic biases in surface O 3 mixing ratio are likely manifold. In a complex, highly coupled13 system such as the HadGEM2 Earth System Model (ESM) it is not always easy to disentangle all 375 processes and attribute model biases to specific components. 376
We attribute the systematic biases in the surface O 3 mixing ratio to the following, most likely 377 reasons: 378
1.
Model resolution in both the horizontal and the vertical dimension 379
2.
Uncertainties in emissions, both magnitude, seasonality and location 380
3.
Uncertainties in the O 3 dry deposition at the surface 381
Other factors such as uncertainties in the chemical mechanism, the photolysis rates, lightning NO x 382 production over the area and transport of O 3 and precursors will certainly contribute. We will 383 briefly discuss the three most important (in our opinion) factors that contribute to the systematic 384
biases. 385 386
The relatively coarse resolution of a global ESM simulates mixing ratios of trace species (both trace 387 gases and aerosols) that represent averages over large areas. This issue has been discussed 388 previously in the literature, mostly in relation to air quality modelling (see, e.g., Valari 
